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(57) ABSTRACT 

The photocurable resin composition in the ?rst aspect of the 
invention comprises, as essential components, (A) a binder 
resin having photopolymeriZable functional groups and (B) 
inorganic super?ne particles in the order of sub-micron Which 
can be dispersed in a colloidal form; the photocurable resin 
composition in the second aspect comprises, as essential 
components, (C) a binder resin containing photopolymeriZ 
able functional groups and (D) hydrophobic ?ne silica par 
ticles; and the photocurable resin composition in the third 
aspect comprises, as essential components, (E) a binder resin 
containing acrylic resin and urethane acrylate resin and/or 
polyester acrylate having photopolymeriZable functional 
groups and (F) an organometallic coupling agent. These pho 
tocurable resin compositions are excellent not only in ?tting 
to the shape of a cavity in a stamper complementary to a ?nely 
embossed pattern on an optical article, thus enabling rapidly 
and accurately shaping a ?nely embossed pattern, but also in 
form retention after shaping and resistance to blocking, thus 
enabling exposure to light after removal of the stamper and 
storage in a rolled form to achieve excellent successive pro 
ducibility. 

7 Claims, 4 Drawing Sheets 



US. Patent Sep. 2, 2008 Sheet 1 of4 US 7,420,005 B2 

FIG. 1 

1 

5 
7///////////////////////////////////////J£ 6 
gum“\\\m\\\\\\\\\\\\\\\\\\\\\\\\x\\\ . 5 
7///////////////7/////////////////////// x 4 

3 
2 

J 



US. Patent Sep. 2, 2008 Sheet 2 of4 US 7,420,005 B2 

FIG. 2 

60 



US. Patent Sep. 2, 2008 Sheet 3 of4 US 7,420,005 B2 

FIG. 3 

FIG. 4 
A12 Ra=O. 335mm 



US. Patent Sep. 2, 2008 Sheet 4 of4 US 7,420,005 B2 

FIG. 5 
A-3 Ra=l. 304nm 



US 7,420,005 B2 
1 

PHOTOCURABLE RESIN COMPOSITION, 
FINELY EMBOSSED PATTERN-FORMING 
SHEET, FINELY EMBOSSED TRANSFER 

SHEET, OPTICAL ARTICLE, STAMPER AND 
METHOD OF FORMING FINELY EMBOSSED 

PATTERN 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the priority of Japanese patent 
application Serial No. 2001-197412 ?led Jun. 28, 2001, Japa 
nese patent application Serial No. 2001 -280545 ?led on Sep. 
14, 2001 and Japanese patent application Serial No. 2001 
280546 ?led Sep. 14,2001. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a photocurable resin com 

position excellent in shaping and form retention, Which is 
particularly suitable for formation of a ?nely embossed sur 
face structure on an optical article, a method of forming a 
?nely embossed pattern by using the composition, a ?nely 
embossed pattern receiptor (for example, a ?nely embossed 
pattem-forming sheet or a ?nely embossed pattern transfer 
sheet), an optical article and a stamper. 

2. Description of the Related Art 
Conventionally, a photocurable resin composition (coat 

ing) is applied onto a support such as polyester ?lm to form a 
photocurable resin layer thereon, and then the surface of this 
photocurable resin layer is provided With various ?nely 
embossedpatterns capable of exhibiting optical functions and 
exposed to active energy rays such as UV rays or electron rays 
to cure the resin layer, folloWed by laminating a metal-depos 
ited layer or a layer having different refractive index on the 
surface of the formed embossed pattern, to form an optical 
article such as a diffraction grating or a relief hologram. 

The optical article having a ?nely embossed pattern 
thereon is required of general properties such as embossed 
pattern accuracy, transparency, strength, resistance to Wear 
ing, heat resistance, Water resistance, chemical resistance, 
adhesion to a substrate, ?exibility or the like depending on its 
purpose. Accordingly, a photocurable resin composition 
forming the optical article should, ?rst of all, satisfy these 
performance requirements. 

The conventionally knoWn method of forming a ?ne relief 
surface structure of an optical article includes the so-called 2P 
method (photo polymer method) for formation of e. g. a relief 
hologram Wherein a press stamper (referred to hereinafter as 
“stamper”) prepared from a master hologram having a desired 
?nely embossed pattern formed thereon is pressure-Welded 
With a liquid photocurable resin layer formed by applying a 
liquid photocurable resin composition onto a transparent sup 
port such as polyester ?lm, and simultaneously irradiated at 
the side of the support With light to cure the resin layer, 
folloWed by removing the stamper therefrom. 

For example, Japanese examined Patent Publication No. 
4-5681 describes a photocurable resin composition usable in 
the 2P method, Which comprises an oligomer having a hard 
segment (H), a soft segment (S) and a crosslinkable-terminal 
segment (E). This oligomer composition has the folloWing 
advantages: an embossed pattern from a mold can be accu 
rately reproduced; the composition is suitable for mass pro 
duction because embossing can be successively carried out 
using one press stamper to produce a large number of articles; 
it is also excellent in releasability after curing by exposure to 
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2 
light and thus suitable for mass production in this respect too; 
optical articles excellent in strength, ?exibility, optical trans 
parency or uniformity, and resistance to common solvent can 
be obtained. 

In the 2P method, hoWever, there are the folloWing prob 
lems: because the backside of the support is irradiated With 
light, curing is insu?icient When the support is light-absorp 
tive; the process is time-consuming because the stamper can 
not be removed until curing is completed; because the pho 
tocurable resin layer is liquid, bubbles are easily introduced 
betWeen the support and the stamper, to cause defects; and 
When the stamper is removed from the cured resin layer, the 
surface of the resin layer can string thus causing surface 
roughness. 
As another method, there is a method Wherein a photocur 

able resin composition Which is highly viscous or solid at 
room temperature is applied onto a support to form a photo 
curable resin layer, then a stamper is pressure-Welded there 
With and then removed, and thereafter the photocurable resin 
layer is cured by irradiation With light (Japanese examined 
Patent Publication No. 5-46063, Japanese examined Patent 
Publication No. 6-85103). 

In this method, there are the folloWing advantages: the 
photocurable resin layer is irradiated directly With light, so 
the resin can be su?iciently cured; since the photocurable 
resin composition is highly viscous or solid, the support after 
coating can be rolled and stored or conveyed, that is, coating 
and reproduction can be carried out in separate processes; 
after the stamper is removed, the resin can be irradiated With 
light, so pressing With the stamper and curing can be carried 
out in separate processes; because bubbles are hardly intro 
duced betWeen the photocurable resin layer and the stamper, 
accurate patterning can be carried out; and When the stamper 
is removed from the photocurable resin layer, the surface of 
the resin layer hardly strings. 

In the method of using the photocurable resin composition 
Which is highly viscous or solid at room temperature, hoW 
ever, there are the folloWing problems: because the stamper is 
removed from the resin layer in a un-cured state, apart of the 
photocurable resin composition easily adheres to and remains 
on the cavity of the stamper (phenomenon of partial remain 
ing on the plate); accurate shaping cannot be achieved 
because as an embossed pattern to be reproduced is ?ner, the 
photocurable resin composition is more hardly ?lled in the 
cavity of the stamper; and after the stamper is removed, the 
resin layer in a un-cured state is irradiated With light, so the 
pattern can be easily deformed until curing is ?nished. 

Japanese Patent Application Laid-open No. 2000-63459 
describes a photocurable resin composition comprising a 
bulky group-containing urethane-modi?ed acrylic resin and a 
release agent as essential ingredients. This photocurable resin 
composition comprises an urethane-modi?ed acrylic poly 
mer having crosslinkable groups, and has advantages such as 
accurate reproduction of an embossed pattern With a mold, 
suitability for mass production by virtue of excellent releas 
ability from the mold even before curing, and other excellent 
general properties such as transparency, strength, resistance 
to Wearing, heat resistance, Water resistance, chemical resis 
tance, adhesion to a base meterial, ?exibility etc. Further, 
there is another advantage of excellent ?tting after curing to 
the ?ex, expansion and contraction of the substrate. 

According to the invention in Japanese Patent Application 
Laid-open No. 2000-63459 mentioned above, the photocur 
able resin composition comprising urethane-modi?ed acrylic 
resin is applied onto a substrate and dried if necessary to form 
a photocurable resin layer, and a press stamper is pressed 
thereon (embossing), to form the embossed pattern of the 
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press stamper (correctly a pattern complementary to the 
embossed pattern of the press stamper) on the resin layer, and 
thereafter the press stamper is removed from the resin layer, 
and then the resin is cured by exposure to light to ?x the 
embossed pattern. Accordingly, embossing can be succes 
sively carried out Without using the press stamper in the light 
exposure process, While light exposure is not hindered by the 
press stamper, and thus uniform and su?icient light exposure 
can be carried out in a short time. 

When the stamper is removed from the photocurable resin 
layer in a un-cured state, a part of the photocurable resin 
adheres to and remains on the cavity of the stamper (phenom 
enon of partial remaining on the plate), thus causing a prob 
lem that successive and accurate embossing is hardly carried 
out using the same stamper. Against this problem, the photo 
curable resin composition described in the above Japanese 
PatentApplication Laid-open No. 2000-63459 has the advan 
tage that the photocurable resin composition is excellent in 
releasability even in a un-cured state and hardly adheres to the 
cavity of the stamper. 

HoWever, if as shoWn in the invention in Japanese Patent 
Application Laid-open No. 2000-63459 supra, the photocur 
able resin composition is applied onto a substrate and dried if 
necessary to form a layer on Which a stamper is then pressed, 
the ?exibility and ?uidity of the photocurable resin compo 
sition can be insu?icient so that the resin may not suf?ciently 
spread throughout the cavity space, thus failing to accurately 
form the desired ?nely embossed pattern. 

To improve the ability of a photocurable resin composition 
to be shaped (easiness of shaping and accuracy of shaping), 
there is a method of pressing a stamper With a layer compris 
ing a photocurable resin composition formed on a support 
(that is, in a stamping or embossing process) Wherein pres sing 
is carried out under heating at a relatively high temperature 
and/or the speed of feeding the support is decreased to pro 
long the pressing time. HoWever, there are problems such as 
damage to the stamper and deterioration in the support by 
increasing the pressing temperature and a drop in production 
e?iciency by decreasing the speed of endoWing a ?nely 
embossed pattern. 

In an alternative method, a photocurable resin composition 
easily softened at room temperature can be used to improve 
easiness of shaping of a layer comprising the photocurable 
resin composition. HoWever, if the photocurable resin com 
position easily softened at room temperature is used, a roll 
produced by rolling its photocurable resin layer formed on a 
support is sticky and liable to blocking, so there is inconve 
nience that it cannot be stored. 

Further, even if the ?nely embossed pattern on the stamper 
can be accurately formed on the photocurable resin layer, the 
?nely embossed pattern formed on the photocurable resin 
layer, When removed in a un-cured state from the stamper and 
exposed to light, is rounded and deformed to collapse its 
shape (called “sagging”) due to the elasticity of the resin itself 
during the process of forming the ?nely embossed pattern. 
Such collapse of the shape is attributable mainly to eg heat 
transferred from the stamper to the un-cured photocurable 
resin layer upon heat embossing, heat upon UV irradiation of 
the photocurable resin layer having the ?nely embossed pat 
tern formed thereon, etc. 

For accurate and e?icient reproduction of a ?nely 
embossed pattern having optical functions by using the pho 
tocurable resin composition, it is therefore necessary that the 
photocurable resin composition in the form of a layer con 
taining less or no solvent has the ability to form a ?lm su?i 
ciently, to be shaped by ?tting completely to the cavity of the 
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4 
stamper and to retain the sharp form formed by the press 
stamper even in the process after removal of the stamper from 
the photocurable resin. 

In recent years, optical ?nely embossed patterns are 
becoming very complicate as precision processing technol 
ogy is improved. These complicate optical ?nely embossed 
patterns can be used to form holograms of complicate design, 
information-recording elements, or optical elements highly 
regulating re?ection, transmission, scattering, polarization, 
convergence or interference of Whole rays and/or a light at a 

speci?c Wavelength. HoWever, such complicate and ?nely 
embossed patterns have narroWer embossed pitches and/or 
deeper embossed portions than those of relatively simple 
holograms in the prior-art, thus making accurate reproduction 
more di?icult, and satisfactory functions cannot be exhibited 
Without reproduction of higher accuracy than in reproduction 
of relatively simple holograms in the prior-art. 

Such complicate optical ?nely embossed patterns, even 
using the resin composition described in Japanese Patent 
Application Laid-open No. 2000-63459 supra, can not avoid 
the problems of the partial remaining of resin, the shaping 
ability of resin and the collapse of the pattern, and thus accu 
rate reproduction is very di?icult. 
On one hand, Japanese Patent Application Laid-open No. 

7-502128 describes an optical element having a surface struc 
ture obtained by embossing a transparent composite material 
having a 3-dimensional skeleton of inorganic or organic 
modi?ed inorganic components in the form of nano-scale 
particles in a polymer matrix. According to this prior-art 
invention, shrink in the procedures of embossing and curing 
can be minimiZed. In the present invention, hoWever, a photo 
or thermosetting resin composition containing inorganic or 
organic modi?ed inorganic components in the form of nano 
scale particles is applied onto a substrate to form a photo- or 
thermosetting resin layer thereon, then cured by light expo 
sure or heating While an embossing device is pressed on the 
resin layer, and subjected if necessary to pre-curing for 
increasing viscosity before attachment of the embossing 
device and/or post-curing for completion of copolymeriZa 
tion after removal of the embossing device. In this prior-art 
invention, basically the photo- or thermosetting resin layer is 
cured While the embossing device is pressed thereon, and it is 
not described therein that When the resin layer being still in 
the un-cured state is removed from the embossing device, 
collapse of the shape occurs due to the elasticity of the resin 
itself. 

SUMMARY OF THE INVENTION 

Main Objects of the Invention 

The present invention Was made in consideration of the 
background described above, and a ?rst object is to provide a 
photocurable resin composition Which can accurately repro 
duce a transparent layer having a ?nely embossed pattern 
excellent in shaping and form retention, particularly a ?nely 
embossed pattem-forming material also capable of accu 
rately reproducing very complicate, ?nely embossed patterns 
in recent years. 

A second object is to provide a photocurable resin compo 
sition Which is not only capable of being accurately shaped 
because of its excellent ?tting to the shape of a cavity in a 
mold such as a stamper complementary to a ?nely embossed 
pattern on an optical article, but also excellent in form reten 
tion after shaping thus hardly undergoing collapse of the 
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shape (sagging) in the process after removal from the mold, to 
enable accurate reproduction of the desired ?nely embossed 
pattern. 
A third object is to provide a photocurable resin composi 

tion Which can reproduce a ?nely embossed pattern more 
accurately (preferably more accurately at a higher speed) than 
by the conventional photocurable resin composition, through 
embossing even at a relatively loW temperature or in a rela 
tively short time and can, at room temperature, prevent the 
photocurable resin layer formed on a support and rolled from 
blocking. 
A fourth object is to provide a method of forming a ?nely 

embossed pattern having optical functions accurately and 
highly productively by utiliZing the properties of the photo 
curable resin composition capable of achieving the ?rst to 
third objects. 
By utiliZing the photocurable resin composition and the 

method of forming a ?nely embossed pattern, a ?fth object is 
to provide a ?nely embossed pattern receiptor (including a 
?nely embossed pattern-forming sheet and a ?nely embossed 
pattern transfer sheet) excellent in accuracy of ?nely 
embossed pattern and thus excellent in optical performance, 
as Well as an optical article and a stamper having a ?nely 
embossed pattern. 

The present invention can achieve any of the objects 
described above or at least one of some objects made evident 
from the folloWing description. 

First Aspect of the Invention 

A photocurable resin composition in a ?rst aspect of the 
invention Which is provided to solve the problem comprises, 
as essential components, (A) a binder resin having photopo 
lymeriZable functional groups and (B) inorganic super?ne 
particles in the order of sub-micron Which can be dispersed in 
a colloidal form in a diluting solvent for preparation of a 
coating liquid. 

The inorganic super?ne particles are incorporated into the 
photocurable resin composition in the ?rst aspect of the 
invention, so that during the process including a light expo 
sure process and a deposition process after a ?nely embossed 
pattern is given by pressing a press stamper on a photocurable 
resin layer comprising the photocurable resin composition 
and the stamper is removed, it is possible to prevent the ?nely 
embossed pattern from rounding and collapsing due to the 
elasticity of the resin composition itself. 

Accordingly, the press stamper can be used successively in 
the stamping process Without being used in the light exposure 
process, to produce the ?nely embossed pattern ef?ciently 
and successively. 

Further, the photocurable resin composition of the inven 
tion is excellent in resistance to blocking by incorporating the 
inorganic super?ne particles to reduce the tack of the surface, 
so an intermediate laminate having the photocurable resin 
layer formed on a ?exible support such as a substrate ?lm can 
be rolled, stored transiently, conveyed to another place and 
subjected to stamping. 

Further, the ?ne super?ne particles are incorporated into 
the photocurable resin composition of the invention thereby 
easily relaxing stress upon cure shrinkage, Whereby various 
problems resulting from stress upon cure shrinkage can be 
solved. For example, When the photocurable resin composi 
tion is cured, resin cracking, curling, Wrinkling etc. caused by 
cure shrinkage can be prevented. When a layer of the photo 
curable resin composition contained in a transfer sheet (trans 
fer foil) is cured, it is possible to prevent partial cracking, 
curling and Wrinkling of the foil attributable its difference in 
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6 
shrink from its adjacent layer, for example a ?lm substrate, a 
release layer or a metal-deposited layer. 
As the inorganic super?ne particles (B), inorganic super 

?ne particles in a thin (slender) form are preferably used to 
particularly improve the resistance to blocking, creep char 
acteristics and form retention for the embossed pattern of the 
photocurable resin composition. 
When the inorganic super?ne particles (B) are spherical, 

their primary particle diameter is preferably in the range of 1 
nm to 300 nm, in order to achieve su?icient transparency and 
creep characteristics. 
The content of the inorganic super?ne particles (B) is pref 

erably in the range of 0.1 to 70% by Weight relative to the total 
solids content of the photocurable resin composition, in order 
to achieve suf?cient creep characteristics and ?lm physical 
properties. 

Further, the inorganic super?ne particles (B) are preferably 
inorganic super?ne particles having a surface treated to be 
compatible With a solvent, in order to disperse the particles 
easily in a colloidal form. 

In the photocurable resin composition in the ?rst aspect of 
the invention, the polystyrene conversion molecular Weight 
of the binder resin is preferably in the range of 2,000 to 
600,000 in order to complete the ability of the composition to 
form a ?lm. 

The binder resin preferably comprises at least one member 
selected from the group consisting of acrylic resin, urethane 
acrylate resin and polyester acrylate resin. The acrylic resin, 
urethane acrylate resin and polyester acrylate resin are excel 
lent in transparency, strength, resistance to Wearing, heat 
resistance, Water resistance, chemical resistance, adhesion to 
the substrate, ?exibility and ?tting to the ?ex, expansion and 
contraction of the substrate, have a suf?cient ability to form a 
?lm Which on a substrate, can form embossed patterns by a 
stamper, plasticity and creep characteristics, and can be used 
to reproduce ?nely embossed patterns very accurately in 
combination With the inorganic super?ne particles (B). 

Further, the photocurable resin composition in the ?rst 
aspect can be used to form a ?nely embossed pattern-forming 
layer on a support and used as a ?nely embossed pattern 
forming sheet. This ?nely embossed pattern-forming sheet 
comprises the ?nely embossed pattern-forming layer com 
prising the photocurable resin composition in the ?rst aspect 
formed thereon, is thus excellent in shaping upon pressing 
With a press stamper, as Well as in form retention in a un-cured 
state after removal of the stamper, resistance to blocking, and 
absorption of stress in cure shrinkage, can e?iciently and 
successively produce a surface structure having an accurate 
?nely embossed pattern and hardly generates defective 
articles in reproducing the ?nely embossed pattern. 

Generally, a photocurable resin composition excellent in 
form retention and resistance to blocking in a un-cured state 
is often inferior in loW-temperature processability and tends 
to be inferior in shaping of ?nely embossed patterns and 
reproduction rate, but the photocurable resin composition in 
the ?rst aspect has the effect of suf?ciently improving accu 
racy and easiness of shaping during reproduction, as Well as 
reproduction speed. 

This ?nely embossed pattern-forming sheet in the ?rst 
aspect hardly generates blocking even after rolled, stored and 
conveyed in the form of a roll stock. 

Using the photocurable resin composition in the ?rst 
aspect, a ?nely embossed pattern-forming layer capable of 
transfer can be formed on a support and used as a transfer 
sheet. By using the ?nely embossed pattern transfer sheet in 
the ?rst aspect, the surface of even an article Which is hardly 
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subjected to embossing (stamping) can be provided e?i 
ciently With an accurate and ?nely embossed pattern. 

This ?nely embossed pattern transfer sheet in the ?rst 
aspect can be constituted so as to have at least a release layer, 
the ?nely embossed pattern-forming layer, a re?ective layer 
selected from an opaque re?ective layer and a transparent 
layer having a refractive index different from that of the ?nely 
embossed pattern-forming layer, and an adhesive layer lami 
nated in this order on a support. 

Then, the optical article in the ?rst aspect of the invention 
has a surface structure having a ?nely embossed pattern made 
of a cured product of the photocurable resin composition in 
the ?rst aspect. That is, the Whole surface of the optical article 
or the surface of at least the portion Where the ?nely embossed 
pattern is formed is made of a cured product of the photocur 
able resin composition in the ?rst aspect, and the ?nely 
embossed pattern is formed by embossing and curing the 
photocurable resin composition layer arranged on the portion 
Where the ?nely embossed pattern is to be formed. 

The optical article in the ?rst aspect is provided With a 
cured resin layer excellent in transparency, strength, resis 
tance to Wearing, heat resistance, Water resistance, chemical 
resistance, adhesion to the substrate, ?exibility and ?tting to 
the ?ex, expansion and contraction of the substrate and hav 
ing a surface structure With an accurately reproduced ?nely 
embossed pattern formed thereon to exhibit required optical 
functions, and ?nely embossed patterns usable for various 
purposes can be formed on the optical article. 

The photocurable resin composition in the ?rst aspect of 
the invention can be used not only in reproduction of ?nely 
embossed patterns for relief holograms and diffraction grat 
ings, but also in successive mass-production of complicate 
and ?nely embossed patterns having higher optical functions 
by accurately embossing, for example ?nely embossed pat 
terns on information-recording elements or optical elements 
regulating at least one of re?ection, transmission, scattering, 
polarization, convergence and interference of Whole rays and/ 
or a light at a speci?c Wavelength, and the photocurable resin 
composition can be used for optical articles for these pur 
poses. 

Furthermore, this photocurable resin composition can 
form a ?nely embossed pattern very accurately, so a ?nely 
embossed pattern to be given to an optical article can be used 
as a template from Which an embossed pattern complimen 
tary thereto is reproduced, and this pattern can be used as a 
stamper. 

Then, the method of forming a ?nely embossed pattern in 
the ?rst aspect of the invention comprises preparing an 
embossed pattern receiptor provided With a ?nely embossed 
pattern-forming layer comprising the photocurable resin 
composition, pressing a stamper against the surface thereof to 
form an embossed pattern thereon, and curing the ?nely 
embossed pattern-forming layer. 

According to the method of forming a ?nely embossed 
pattern in the ?rst aspect, a transparent layer having a ?nely 
embossed pattern can be accurately reproduced, and particu 
larly a surface structure of an optical article excellent in 
performance can be produced successively, accurately and 
rapidly by stamping. 

In the method described above, it is preferable that after the 
stamper is removed from the ?nely embossed pattem-form 
ing layer, the ?nely embossed pattern-forming layer is cured. 
According to this method, even if the ?nely embossed pat 
tern-forming layer is cured after removal of the stamper, the 
shaped structure is hardly collapsed, and even if the ?nely 
embossed pattern receiptor provided With the ?nely 
embossed pattern-forming layer in a un-cured state is rolled, 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
there hardly occurs blocking, so the ?nely embossed pattern 
can be mass-produced successively. 

In one mode of the above method, it is possible to use a 
?nely embossed pattern transfer sheet having a ?nely 
embossed pattern-forming layer comprising at least the pho 
tocurable resin composition, said ?nely embossed pattem 
forming layer being arranged in a transferable manner on a 
?rst support. When the ?nely embossed pattern transfer sheet 
is used, the ?nely embossed pattern can be formed by succes 
sive transfer onto the surface of an article having a complicate 
surface shape hardly subjected to direct embossing, or onto a 
support such as glass, plastics, metal plates etc. Which cannot 
be rolled. 

Second Aspect of the Invention 

A photocurable resin composition in a second aspect of the 
invention Which is provided to solve the problem comprises, 
as essential components, (C) a binder resin containing pho 
topolymeriZable functional groups and (D) hydrophobic ?ne 
silica particles. 

Since the photocurable resin composition in the second 
aspect contains the hydrophobic ?ne silica particles (D), this 
composition has a loWer softening initiation temperature than 
that of the composition not containing the hydrophobic ?ne 
silica particles or the composition containing hydrophilic ?ne 
silica particles, and is thus excellent in loW-temperature pro 
cessability, so the ?nely embossed pattern on the stamper can 
be reproduced easily and accurately by embossing at a rela 
tively loW temperature. 
By incorporating the hydrophobic ?ne silica particles (D) 

into the photocurable resin composition, the releasability of 
the photocurable resin composition is improved, and When 
the stamper pressed against the photocurable resin layer is 
removed, the resin composition adheres hardly to the internal 
surface of the cavity of the stamper so that after the stamper is 
removed before curing from an intermediate laminate com 
prising a layer of the photocurable resin composition in the 
second aspect formed on a ?exible support such as a substrate 
?lm, the intermediate laminate can be exposed to light, or 
after the stamper is removed, the intermediate laminate can be 
rolled or laminated, stored transiently, and transferred to 
another place Where it can be subjected to stamping. Accord 
ingly, this photocurable resin composition can be used to 
achieve a high speed of formation of the ?nely embossed 
pattern. 

In the photocurable resin composition in the second aspect, 
the softening initiation temperature is reduced desirably by 20 
C. or more upon addition of the hydrophobic ?ne silica par 
ticles (D). 
The primary particle diameter of the hydrophobic ?ne 

silica particles (D) is preferably in the range of 3 to 100 nm, 
to suf?ciently achieve the effect of reducing the softening 
initiation temperature and the transparency of the resin. 
The content of the hydrophobic ?ne silica particles (D) is 

preferably in the range of 3 to 40% by Weight relative to the 
total solids content of the photocurable resin composition, in 
order to achieve su?icient resistance to blocking and ?lm 
physical properties. 

In the photocurable resin composition in the second aspect 
of the invention, the polystyrene conversion molecular 
Weight of the binder resin is preferably in the range of 2,000 
to 600,000 in order to complete the ability of the composition 
to form a ?lm. 

The binder resin preferably comprises at least one member 
selected from the group consisting of acrylic resin, urethane 
acrylate resin and polyester acrylate resin. The acrylic resin, 
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urethane acrylate resin and polyester acrylate resin are excel 
lent in transparency, strength, resistance to Wearing, heat 
resistance, Water resistance, chemical resistance, adhesion to 
the substrate, ?exibility and ?tting to the ?ex, expansion and 
contraction of the substrate, have a su?icient ?lm-forming 
ability to form a ?lm on a substrate and shape embossed 
patterns by a stamper, plasticity and creep characteristics, and 
can be used to reproduce ?nely embossed patterns very accu 
rately in combination With the hydrophobic ?ne silica par 
ticles (D). 

Further, the photocurable resin composition in the second 
aspect can be used to form a ?nely embossed pattern-forming 
layer on a support and used as a ?nely embossed pattem 
forming sheet. This ?nely embossed pattern-forming sheet 
comprises the ?nely embossed pattern-forming layer com 
prising the photocurable resin composition in the second 
aspect formed thereon, thus achieving excellent loW-tem 
perature processability and high processing speed during for 
mation of the ?nely embossed pattern. 

Generally, a photocurable resin composition excellent in 
loW-temperature processability hardly forms an accurate 
?nely embossed pattern because of easy sagging of the resin, 
but the photocurable resin composition in the second aspect 
contains the hydrophobic ?ne silica particles (D), thus pre 
venting sagging of the resin composition formed by emboss 
ing at a relatively loW temperature before exposure to light, to 
exhibit the effect of stably keeping the embossed shape of the 
resin composition (that is, the composition is excellent in the 
ability to retain its shape in a un-cured state). 

Like the ?rst aspect, the ?nely embossed pattern-forming 
sheet in the second aspect hardly generates blocking even 
after rolled, stored and conveyed in the form of a roll stock. 

Using the photocurable resin composition in the second 
aspect, a ?nely embossed pattern-forming layer capable of 
transfer can be formed on a support and used as a transfer 
sheet in the same manner as in the ?rst aspect. The ?nely 
embossed pattern transfer sheet in the second aspect can have 
the same layer constitution as in the ?rst aspect. 

The optical article in the second aspect of the invention is 
characterized by being provided With a surface structure hav 
ing a ?nely embossed pattern formed from a cured product of 
the photo curable resin composition in the second aspect. The 
optical article in the second aspect is provided With a cured 
resin layer excellent in transparency, strength, resistance to 
Wearing, heat resistance, Water resistance, chemical resis 
tance, adhesion to the substrate, ?exibility and ?tting to the 
?ex, expansion and contraction of the substrate and having a 
surface structure With an accurately reproduced ?nely 
embossed pattern formed thereon to exhibit required optical 
functions, and ?nely embossed patterns usable for various 
purposes can be formed in the same manner as in the optical 
article in the ?rst aspect. 

Further, the stamper in the second aspect of the invention is 
also the same as in the ?rst aspect, Which is a stamper pro 
vided With a surface structure having a complementary pat 
tern to the ?nely embossed pattern of the optical article, and 
the surface structure is characteriZed by being a cured product 
of the photocurable resin composition in the second aspect. 

Like the method in the ?rst aspect, the method of forming 
a ?nely embossed pattern in the second aspect of the invention 
comprises preparing an embossed pattern receptor provided 
With a ?nely embossed pattern-forming layer comprising the 
photocurable resin composition in the second aspect, press 
ing a stamper against the surface thereof to form an embossed 
pattern thereon, and curing the ?nely embossed pattem-form 
ing layer. 
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According to the method of forming a ?nely embossed 

pattern in the second aspect, a transparent layer having a 
?nely embossed pattern can be accurately reproduced, and 
particularly a surface structure of an optical article excellent 
in performance can be produced successively, accurately and 
rapidly by stamping, in the same manner as in the ?rst aspect. 

In the method in the second aspect, it is preferable for the 
same reason as in the ?rst aspect that after the stamper is 
removed from the ?nely embossed pattern-forming layer, the 
?nely embossed pattern-forming layer is cured. 

In method in the second aspect too, it is possible to use a 
?nely embossed pattern transfer sheet having a ?nely 
embossed pattern-forming layer comprising at least the pho 
tocurable resin composition, said ?nely embossed pattem 
forming layer being arranged in a transferable manner on a 
?rst support. Accordingly, When the ?nely embossed pattern 
transfer sheet is used, the ?nely embossed pattern can be 
formed by successive transfer onto the surface of an article 
having a complicate surface shape hardly subjected to direct 
embossing, or onto a support such as glass, plastics, metal 
plates etc. Which cannot be rolled. 

Third Aspect of the Invention 

The photocurable resin composition in the third aspect of 
the invention Which is provided to achieve the problem com 
prises, as essential components, (E) a binder containing 
acrylic resin and urethane acrylate resin and/or polyester 
acrylate resin having photopolymeriZable functional groups 
and (F) an organometallic coupling agent. 
The photocurable resin composition in the third aspect, in 

a un-cured state before exposure to light, has the effect of 
preventing blocking by the organometallic coupling agent (F) 
In addition, a resin layer formed by applying this photocur 
able resin composition onto a support such as a substrate ?lm 
has a smooth surface, thus increasing the reproduction speed 
in the process of forming ?nely embossed patterns. 
The layer formed by applying this photocurable resin com 

position onto a support and then curing the binder resin With 
exposure to light has improvements in heat resistance and 
durability. In a transfer sheet for formation of a relief holo 
gram, the cured resin layer has improved adhesion to a layer 
laminated adjacent there to (for example a metal-deposited 
layer) by the organometallic coupling agent (F), to improve 
transferability. 

In the photocurable resin composition in the third aspect of 
the invention, When the binder resin (E) not containing the 
organometallic coupling agent (F), that is, a mixed resin of the 
acrylic resin and the urethane acrylate resin and/or polyester 
acrylate resin having a photocurable functional group is 
applied onto a support and a coating exhibits the average 
surface roughness (Ra) ranging preferably 1.0 nm or more, 
and more preferably 3.0 nm or more, most preferably 5.0 nm 
or more, the above-described effects are signi?cantly brought 
about by incorporating the organometallic coupling agent 
into such a mixed resin. 

The acrylic resin contained in the binder resin (E) is nec 
essary for permitting the resultant optical material to exhibit 
transparency and strength or for endoWing thermoplasticity in 
molding of a ?nely embossed pattern With a heat press. Fur 
ther the photopolymeriZable urethane acrylate and/ or polyes 
ter acrylate are added to endoW photopolymeriZability and to 
increase crosslinkage density thereby endoWing strength, 
heat resistance, resistance to Wearing, Water resistance and 
chemical resistance in addition to the properties of the acrylic 
resin. 
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When the organometallic coupling agent is not contained 
in the photocurable resin composition, a sheet formed by 
applying a mixture of the alkali resin and the photopolymer 
iZable urethane acrylate and/ or polyester acrylate onto a sup 
port is liable to be blocking because of adhesion upon being 
piled or rolled as a roll stock, but because the photocurable 
resin composition in the third aspect contains the organome 
tallic coupling agent, blocking can be prevented. 
As the organometallic coupling agent (F), an aluminum 

coupling agent is preferably used. The content of the organo 
metallic coupling agent (F) is desirably 0.1 to 20% by Weight 
relative to the total solids content of the photocurable resin 
composition, to achieve suf?cient resistance to blocking and 
suf?cient shelf stability of the rolled roll stock. 

For su?iciently preventing surface tack and achieving ther 
mal processability, the polystyrene conversion molecular 
Weight of at least one binder resin (E) contained in the pho 
tocurable resin composition in the third aspect is preferably in 
the range of 2,000 to 600,000. 

Further, the photocurable resin composition in the third 
aspect can be used to form a ?nely embossed pattern-forming 
layer on a support and used as a ?nely embossed pattem 
forming sheet. This ?nely embossed pattern-forming sheet 
comprises a ?nely embossed pattem-forming layer made of 
the photocurable resin composition in the third aspect formed 
thereon, so that by embossing even at relatively loW tempera 
tures and/or in a relatively short time, a ?nely embossed 
pattern can be formed more accurately than by a conventional 
photocurable resin composition, and this layer is also superior 
in adhesion thereof to its adjacent layer such as a metal 
deposited layer. 

Like the ?rst aspect, the ?nely embossed pattern-forming 
sheet in the third aspect hardly generates blocking even after 
rolled, stored and conveyed in the form of a roll stock. 

Using the photocurable resin composition in the third 
aspect, a ?nely embossed pattem-forming layer capable of 
transfer can be formed on a support and used as a transfer 
sheet in the same manner as in the ?rst aspect. The ?nely 
embossed pattern transfer sheet in the third aspect can have 
the same layer constitution as in the ?rst aspect. 

The optical article in the third aspect of the invention is 
characterized by being provided With a surface structure hav 
ing a ?nely embossed pattern formed from a cured product of 
the photocurable resin composition in the third aspect. The 
optical article in the third aspect is provided With a cured resin 
layer excellent in transparency, strength, resistance to Wear 
ing, heat resistance, Water resistance, chemical resistance, 
adhesion to the substrate, ?exibility and ?tting to the ?ex, 
expansion and contraction of the substrate and having a sur 
face structure With an accurately reproduced ?nely embossed 
pattern formed thereon to exhibit required optical functions, 
and ?nely embossed patterns usable for various purposes can 
be formed in the same manner as in the optical article in the 
?rst aspect. 

Further, the stamper in the third aspect of the invention is 
also the same as in the ?rst aspect, Which is a stamper pro 
vided With a surface structure having a complementary pat 
tern to the ?nely embossed pattern of the optical article, and 
the surface structure is characteriZed by being a cured product 
of the photocurable resin composition in the third aspect. 

Like the method in the ?rst aspect, the method of forming 
a ?nely embossed pattern in the third aspect of the invention 
comprises preparing an embossed pattern receiptor provided 
With a ?nely embossed pattern-forming layer comprising the 
photocurable resin composition in the third aspect, pressing a 
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12 
stamper against the surface thereof to form an embossed 
pattern thereon, and curing the ?nely embossed pattern-form 
ing layer. 

According to the method of forming a ?nely embossed 
pattern in the third aspect, a transparent layer having a ?nely 
embossed pattern can be accurately reproduced, and particu 
larly a surface structure of an optical article excellent in 
performance can be produced successively, accurately and 
rapidly by stamping, in the same manner as in the ?rst aspect. 

In the method in the third aspect, it is preferable for the 
same reason as in the ?rst aspect that after the stamper is 
removed from the ?nely embossed pattem-forming layer, the 
?nely embossed pattern-forming layer is cured. 

In method in the third aspect too, it is possible to use a 
?nely embossed pattern transfer sheet having a ?nely 
embossed pattem-forming layer comprising at least the pho 
tocurable resin composition, said ?nely embossed pattem 
forming layer being arranged in a transferable manner on a 
?rst support. Accordingly, When the ?nely embossed pattern 
transfer sheet is used, the ?nely embossed pattern can be 
formed by successive transfer onto the surface of an article 
having a complicate surface shape hardly subjected to direct 
embossing, or onto a support such as glass, plastics, metal 
plates etc. Which cannot be rolled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 is a schematic sectional vieW of one example of the 

?nely embossed pattern transfer sheet; 
FIG. 2 is a draWing shoWing the structure of a hologram 

reproducing unit used in the method of forming a ?nely 
embossed pattern according to the present invention; 

FIG. 3 is a photograph of an AFM image (atomic force 
microscopy) of the reproducing ?lm A-1 prepared in 
Example III-1; 

FIG. 4 is a photograph of an AFM image (atomic force 
microscopy) of the reproducing ?lm A-2 prepared in 
Example III-1; and 

FIG. 5 is a photograph of an AFM image (atomic force 
microscopy) of the reproducing ?lm A-3 prepared in 
Example III-1. 
The symbols used in the draWings are as folloWs: The 

transfer sheet or hologram-forming sheet (1); support (2); 
release layer (3); ?nely embossed pattern-forming layer (4); 
re?ective layer (5); adhesive layer (6); hologram reproducing 
unit (10); main-body frame (12); bed (13); paper feeder (20); 
take-up roller (21); transfer unit (30); emboss roller (31); heat 
pressure roller (40); irradiation unit (50); take-up unit (60) 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the present invention is described in detail. 
The photocurable resin composition in each aspect of the 
invention is a material forming ?nely embossed patterns and 
is particularly suitable for formation of ?nely embossed pat 
terns on optical articles. 

First Aspect of the Invention 

The photocurable resin composition in the ?rst aspect of 
the invention comprises, as essential components, (A) a 
binder resin having photopolymeriZable functional groups 
and (B) inorganic super?ne particles in the order of sub 
micron Which can be dispersed in a colloidal form in a dilut 
ing solvent for preparation of a coating liquid. 
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If necessary, the photocurable resin composition in the ?rst 
aspect may comprise other components such as a non-poly 
meriZable binder resin, a monomer or oligomer having a 
photopolymeriZable group, a release agent, an organometal 
lic coupling agent, a photopolymeriZation initiator and a 
polymerization inhibitor. 

(Binder Component) 
As the binder component in the ?rst aspect of the invention, 

a binder resin having photopolymeriZable functional groups 
is used. 

The photopolymeriZable functional group undergoes poly 
meriZation reaction With visible rays or invisible rays includ 
ing ioniZation radiations such as UV rays and electron rays, to 
form intermolecular crosslinkage in the binder resin, and may 
be either a photopolymeriZable functional group in a narroW 
sense, Which is directly activated by light irradiation to 
undergo photopolymeriZation reaction or a photopolymeriZ 
able functional group in abroad sense, Which undergoes poly 
meriZation reaction initiated and promoted by the action of an 
active species generated from a photopolymeriZation initiator 
upon light irradiation in the co -presence of the photopolymer 
iZable functional group and the photopolymeriZation initia 
tor. The photopolymeriZable functional group includes eg 
one having photo-radical polymeriZation reactivity such as 
ethylenically double bonds With, and one having photo-cation 
polymeriZability and photo-anion polymeriZability such as 
epoxy group of cyclic ethers, among Which ethylenically 
double bonds are preferable. The ethylenically double bonds 
may be a (meth)acryloyl group, vinyl group, allyl group etc., 
among Which the (meth)acryloyl group is preferable. To 
achieve su?icient crosslinkability, the binder resin preferably 
has at least tWo photopolymeriZable functional groups in one 
molecule. 

In this speci?cation, (meth)acryloyl refers to both acryloyl 
and methacryloyl, (meth)acrylate to both acrylate and meth 
acrylate, and (meth)acryl to both acryl and methacryl. 

In the present invention, a resin having the ability to form 
a ?lm Which formed on a support such as a substrate ?lm, has 
thickness enough to permit the ?lm to be provided With a 
?nely embossed pattern, has plasticity and creep characteris 
tics by Which a ?nely embossed pattern can be given by 
pressing With a stamper, and can form a surface structure 
having a ?nely embossed pattern satisfying general proper 
ties such as transparency, strength, resistance to Wearing, heat 
resistance, Water resistance, chemical resistance, adhesion to 
the substrate and ?exibility depending on the intended use of 
optical articles after photocurable is suitably selected from 
those resins having photopolymeriZable functional groups 
and used as the binder resin. 

To permit the binder resin to have the ability to form a ?lm 
on a support Without being ?uidized With no or less solvent, 
the binder resin is preferably not a liquid monomer compo 
nent. From this vieWpoint, at least a part of the binder resin 
having photopolymeriZable functional groups is preferably a 
polymer component Whose polystyrene conversion molecu 
lar Weight is in the range of 2,000 to 600,000. The loWer limit 
of the polystyrene conversion molecular Weight is more pref 
erably 5,000 or more. The upper limit of the polystyrene 
conversion molecular Weight thereof is more preferably 500, 
000 or less, still more preferably 300,000 or less, further more 
preferably 200,000 or less. A molecular Weight of less than 
2,000 is not preferable because When a support coated With 
the resin composition is rolled, the coated surface may be 
stuck to the backside of the support, resulting in deterioration 
of the smoothness of the coated surface. On the other hand, a 
higher molecular Weight of the binder resin leads to higher 
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14 
retention of embossed patterns, but When the polystyrene 
conversion molecular Weight is greater than 600,000, the 
surface is hardly softened thus making it di?icult to introduce 
the resin composition into a stamper, so the intended shape is 
hardly reproduced. Preferably, the binder resin having a 
molecular Weight in the above-de?ned range accounts for at 
least 20% by Weight of the Whole binder resin. 
As an arbitrary component, other binder resin having a 

molecular Weight outside of the range de?ned above may be 
added to the essential binder resin. A binder resin having a 
polystyrene conversion molecular Weight of less than 2,000 
may be added if necessary for the purpose of reducing the 
softening initiation temperature of the resin, but in consider 
ation of preventing surface tack and blocking of the roll stock, 
the amount of the arbitrary component is preferably not 
higher than 80% by Weight of the Whole binder resin. 
As the binder, it is possible to use a polymer having poly 

meriZable functional groups, for example acrylic resin such 
as urethane-modi?ed acrylic resin, epoxy-modi?ed acrylic 
resin etc., a resin having a hard segment, a soft segment and a 
polymeriZable functional group as described in Japanese 
examined Patent Publication No. 4-5681 (the disclosure of 
this publication is incorporated by reference into the disclo 
sure of this speci?cation), urethane acrylate resin, polyester 
acrylate resin, polyether acrylate resin, epoxy acrylate resin 
etc., among Which acrylic resin, urethane acrylate and poly 
ester acrylate are preferably used singly or in combination 
thereof. 

After curing, the acrylic resin, urethane acrylate resin and 
polyester acrylate resin are excellent in transparency, 
strength, resistance to Wearing, heat resistance, Water resis 
tance, chemical resistance, adhesion to the substrate, ?exibil 
ity, and ?tting to the ?ex, expansion and contraction of the 
substrate, have the ability to form a ?lm Which can form an 
embossed pattern on a support by a stamper, plasticity, creep 
characteristics and thermoplasticity, and can thus be prefer 
ably used in the present invention. Particularly preferable 
among those described is the urethane-modi?ed acrylic resin 
of formula 1. 
Among the acrylic resin, urethane acrylate resin and poly 

ester acrylate described above, the urethane-modi?ed acrylic 
resin, urethane acrylate and polyester acrylate are particularly 
preferably used in the present invention because these resins 
are particularly excellent in fundamental performance 
requirements such as transparency, strength, resistance to 
Wearing, heat resistance, Water resistance, chemical resis 
tance, adhesion to the substrate, ?exibility and ?tting to the 
?ex, expansion and contraction of the substrate, the ability to 
form a ?lm capable of forming an embossed pattern by a 
stamper, plasticity and creep characteristics after curing. Par 
ticularly preferable among those described is the urethane 
modi?ed acrylic resin of formula 1. 
As the acrylic resin, a polymer having a main chain 

obtained by copolymeriZation of (meth)acrylate monomers, 
Which has one or more polymeriZable functional groups at the 
terminal of the main chain or in side chains, may be used. 
As the monomer for synthesis of acrylic resin, various 

(meth)acrylate monomers and vinyl monomers can be used. 
For example, the acrylic resin in the present invention 
includes, but is not limited to, polymers obtained by copoly 
meriZation of alkyl acrylate monomers such as (meth)acrylic 
acid, methyl (meth)acrylate, ethyl (meth)acrylate, butyl 
(meth)acrylate etc.; acrylate monomers having a hydroxyl 
group, such as 2-hydroxyethyl (meth)acrylate, N-methylol 
(meth)acrylamide, 2-hydroxypropyl (meth)acrylate, 2-hy 
droxybutyl (meth)acrylate etc.; monomers endoWing releas 
ability, such as (meth)acryloyl modi?ed polysiloxane, vinyl 
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modi?ed polysiloxane etc.; bulky monomers such as cyclo 
hexyl (meth)acrylate, dicyclopentanyl (meth)acrylate, dicy 
clopentenyl (meth)acrylate, isobornyl (meth)acrylate etc.; 
monomers having an aromatic ring, such as benZyl (meth) 
acrylate, styrene, ot-methyl styrene, 4-vinyl pyridine etc.; and 
acryloyl morpholine, vinyl pyrrolidone, vinyl caprolactone, 
dimethyl acrylamide, dimethyl aminoethyl (meth)acrylate 
etc. 

For introduction of polymeriZable functional groups into 
acrylic resin, monomers having polymeriZable functional 
groups on their major chain may be copolymeriZed, or after 
formation of main-chain moieties by copolymeriZation, poly 
meriZable functional groups may be introduced by modi?ca 
tion reaction into side-chain moieties. For introduction into 
side chains, any linkages such as urethane linkage, epoxy 
linkage and ester linkage maybe introduced as the polymer 
iZable functional groups, and urethane modi?cation is pref 
erable for endoWing ?exibility on the resin. 

The acrylic resin is preferably urethane-modi?ed acrylic 
resin represented by formula 1: 

Wherein Z represents a group for modifying the urethane 
modi?ed acrylic resin, preferably a group having a bulky 
cyclic structure; Rl groups independently represent a hydro 
gen atom or a methyl group, R2 represents a C 1 to C 1 6 hydro 

carbon group, X andY represent a linear or branched alkylene 
group; When the sum of l, m, n, o and p is 100, l is an integer 
of0 to 90, m is 0 to 80, n is 0 to 50, o+p is 10 to 80, andp is 
0 to 40. 

In formula 1, Z can be introduced for modi?cation of the 
urethane-modi?ed acrylic resin, and for example, Z can be 
introduced by using (meth)acrylates having an aromatic ring 
such as phenyl group, naphthyl group etc. or a heteroaromatic 
ring such aspyridine, (meth)acryloyl modi?ed silicone oil or 
resin, silicone oil or resin having polymeriZable double-bond 
groups such as vinyl modi?ed silicone oil or resin, (meth) 
acrylates having a long alkyl chain group, such as lauryl 
(meth)acrylate, stearyl (meth)acrylate etc., (meth)acrylates 
having a silicon-containing group, such as y-(meth)alkox 
ypropyltrimethoxy silane etc., (meth)acrylates having a ?uo 
rine-containing group, such as 2-(per?uoro-7-methyloctyl) 
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16 
ethyl acrylate, heptadeca?uorodecyl (meth)acrylate etc., 
(meth)acrylates having a bulky structure, such as isobornyl 
(meth)acrylate, cyclohexyl (meth)acrylate, dicyclopentanyl 
(meth)acrylate, dicyclopentenyl (meth)acrylate, dicyclopen 
tenyloxy ethyl (meth)acrylate, adamantyl (meth)acrylate etc., 
and vinyl monomers having a cyclic hydrophilic group, such 
as acryloyl morpholine, vinyl pyrrolidone, vinyl caprolactone 
etc. At least one of the above groups can be introduced as Z. 

A preferable example of the urethane-modi?ed acrylic 
resin of formula 1 is a resin Which is obtained by reacting 
hydroxyl groups present in an acrylic copolymer obtained by 
copolymeriZing 0 to 90 moles of methyl methacrylate, 0 to 80 
moles of a vinyl monomer having a bulky group, 0 to 50 moles 
of methacrylic acid and 10 to 80 moles of 2-hydroxyethyl 
methacrylate, With methacryloyloxyethyl isocyanate (2-iso 
cyanate ethyl methacrylate). 

It is not alWays necessary for the methacryloyloxyethyl 
isocyanate to be reacted With every hydroxyl group present in 
the copolymer, and the methacryloyloxyethyl isocyanate may 
be reacted With at least 10 mole % preferably at least 50 mole 
% of the hydroxyl groups in 2-hydroxyethyl methacrylate 
units in the copolymer. Monomers having a hydroxyl group, 
for example N-methylol (meth)acrylamide, 2-hydroxyethyl 
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 4-hydroxy 
butyl (meth)acrylate etc. can also be used in place of, or in 
combination With, the 2-hydroxyethyl methacrylate. 
The urethane-modi?ed acrylic resin is dissolved in a sol 

vent capable of dissolving the copolymer, for example tolu 
ene, ketone, cellosolve acetate, dimethyl sulfoxide etc., and 
While this solution is stirred, methacryloyloxyethyl isocyan 
ate is added dropWise and reacted thereWith, Whereby an 
isocyanate group is reacted With a hydroxyl group in the 
acrylic resin to form an urethane linkage through Which a 
methacryloyl group can be introduced into the resin. The 
amount of methacryloyloxyethyl isocyanate used is deter 
mined Within a ratio of 0.1 to 5 moles preferably 0.5 to 3 
moles of isocyanate group to 1 mole of hydroxyl group in the 
acrylic resin. When methacryloyloxyethyl isocyanate is used 
in an amount equivalent to or higher than hydroxyl groups in 
the resin, the methacryloyloxyethyl isocyanate can also react 
With a carboxyl group in the resin to generate a linkage 

%ONHiCH2CH2i. 
The compounds of the above structural formula Wherein all 

R1 and R2 groups represent a methyl group, and X and Y 
represent an ethylene group are exempli?ed above, but these 
compounds are not intended to limit the invention, and six Rl 
groups may independently represent a hydrogen atom or a 
methyl group, and further examples of R2 include a methyl 
group, ethyl group, n- or iso-propyl group, n-, iso- or tert 
butyl group, substituted or unsubstituted phenyl group, sub 
stituted or unsubstituted benZyl group etc., and examples of X 
andY include an ethylene group, propylene group, diethylene 
group, dipropylene group etc. The group Z having a bulky 
cyclic structure is preferably a monomer having a 5-, 6- or 
more membered bulky group such as isobornyl (meth)acry 
late, cyclohexyl (meth)acrylate, dicyclopentanyl (meth)acry 
late, dicyclopentenyl (meth)acrylate, dicyclopentenyloxy 
ethyl (meth)acrylate, adamantly (meth)acrylate etc. 
Any urethane acrylate having an urethane linkage and pho 

topolymeriZable (meth)acryloyl groups in its molecule can be 
used. The urethane acrylate is preferably urethane acrylate 
obtained by reacting an isocyanate compound having tWo or 
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more isocyanate groups, a compound having tWo or more 
hydroxyl groups and a compound having one or more 
hydroxyl groups and one or more (meth)acryloyl groups, or 
urethane acrylate obtained by reacting an isocyanate com 
pound having tWo or more isocyanate groups With a com 
pound having tWo or more hydroxyl groups and one or more 
(meth)acryloyl groups. 
The isocyanate compound having tWo or more isocyanate 

groups, used in synthesis of the urethane acrylate, includes 
tetramethylene diisocyanate, hexamethylene diisocyanate, 
2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 4,4‘ 
diphenyl methane diisocyanate, 1,5-naphthalene diisocyan 
ate, 3,3,-dimethyl-4,4-diphenylene isocyanate, isophorone 
diisocyanate, m-Xylylene diisocyanate, p-xylylene diisocy 
anate, 1,3-bis(isocyanate methyl) cyclohexane, 1,3-bis(0t,0t 
dimethyl isocyanate methyl) benzene, trimethyl hexamethyl 
ene diisocyanate, hydrogenated xylylene diisocyanate etc. 
These can be used singly or in combination thereof. 

Further, the isocyanate compounds represented by the fol 
loWing formulae 2a to 2g can also be used. 

THZOCONHAQ H; 
c 

NCO 

CH3CH2—T—CH2OCONH CH3 
CHZOCONHQ CH3 NCO 

NCO 

Formula 2a 

Formula 2b 

H3C CH3 

(I? /@ C 

OCN l|\I/ \l|\I NCO 
C C 

0% \N/ %O 

NCO 

CH3 
Formula 20 

CH2OCONH— (CH2)6—NCO 

CH3CH2—C—CH2OCONH—(CH2)6—NCO 

CH2OCONH— (CH2)6—NCO 
Formula 2d 

CONH—(CH2)6—NCO 

OCN— (CH2)6N 

CONH—(CH2)6—NCO 
Formula 2e 

OCN(CH2)6\ /C\ / (CH2)6NCO 

l l 
C C 

0% \N/ %O 
(CH2)6NCO 
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-continued 
Formula 2f 

NCO 

CH2OCONH— CH2 

H3C CH3 

CH3 
NCO 

CH3CH2— C— CH2OCONH—CH2 

H3C 
CH3 

CH3 
NCO 

CH2OCONH— CH2 
H3C 

CH3 

CH3 
Formula 2g 

0| 
OCN CH3 C H3C NCO 

CH2—l|\I/ \l|\I CH2 
C C 

0% \N/ %O 
CH3 CH3 (IIH CH3 CH3 

The compound having tWo or more hydroxyl groups, used 
in synthesis of the urethane acrylate, includes e.g. 1,3-butane 
diol, 1,4-butanediol, trimethylol ethane, trimethylol propane, 
ditrimethylol ethane, ditrimethylol propane, pentaerythritol, 
dipentaerythritol, tripentaerythritol, diglycerol, glycerin, 
various other polysiloxane polyols, poly(oxyalkylene) 
polyol, polyester polyol, polyether polyol, polyether polyes 
ter polyol, polyole?n polyol, poly(alkyl acrylate) polyol, 
polycarbonate polyol etc. 
The compound having one or more hydroxyl groups and 

one or more (meth)acryloyl groups, used in synthesis of the 
urethane acrylate, includes e.g. 2-hydroxyethyl (meth)acry 
late, 2-hydroxypropyl (meth)acrylate, 4-hydroxycyclohexyl 
(meth)acrylate, 5-hydroxycycloctyl (meth)acrylate, 2-hy 
droxy-3-phenyloxypropyl (meth)acrylate, pentaerythritol 
triacrylate, dipentaerythritol pentacrylate and isocyanurate 
oxyethyl di(meth)acrylate, etc. 
The urethane acrylate described above can be produced by 

reacting each of the above components under the reaction 
conditions described in Japanese Patent Application Laid 
open No. 3-19842 (the disclosure of this publication is incor 
porated by reference into the disclosure of this speci?cation). 

Another example of the urethane acrylate is an active 
energy ray-curable composition Which is tack-free even in a 
un-cured state after mere drying, as described in Japanese 
Patent Application Laid-open No. 2001 -329031 (the disclo 
sure of this publication is incorporated by reference into the 
disclosure of this speci?cation). This tack-free composition 
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contains a product having a melting point of 400 C. or more 
obtained by reacting an isocyanate compound having a melt 
ing point of 400 C. or more With a (meth)acryl compound 
having a (meth)acryloyl group and capable of reacting With 
an isocyanate group. The isocyanate compound having a 
melting point of 400 C. or more is preferably a compound 
having an isocyanate group bound to a non-aromatic hydro 
carbon ring, more preferably a trimer of isophorone diisocy 
anates or a reaction product of isophorone diisocyanate and 
trimethylol propane in the molar ratio of 3: l . The (meth)acryl 
compound is preferably (meth)acrylic acid or (meth)acrylate 
having a hydroxyl group, such as hydroxyethyl (meth)acry 
late. 
Any polyester acrylate having an ester linkage and photo 

polymeriZable (meth)acryloyl groups in its molecule can be 
used. The polyester acrylate is preferably a polyester acrylate 
obtained by reacting a compound having (meth)acryloyl 
groups With a polyester compound synthesiZed from a com 
pound having tWo or more hydroxyl groups or a cyclic ester 
compound and a polybasic acid. 

The compound having tWo or more hydroxyl groups, used 
in synthesis of the polyester acrylate, can be the same as in 
synthesis of the urethane acrylate described above. 
The cyclic ester compound used in synthesis of the poly 

ester acrylate includes, for example, a lactone compound 
such as e-caprolactone, o-valerolactone, y-butyrolactone, 
y-valerolactone etc., derivatives thereof, or addition reaction 
products of the lactone compound With an epoxy compound 
such as glycidyl methacrylate. 
The polybasic acid used in synthesis of the polyester acry 

late includes, for example, saturated polybasic acids such as 
adipic acid, succinic acid, sebacic acid etc.; unsaturated poly 
basic acids such as maleic acid, fumaric acid, itaconic acid, 
citraconic acid etc.; and aromatic polybasic acids such as 
phthalic acid, isophthalic acid, terephthalic acid, trimellitic 
acid etc. 

In the present invention, one or more kinds of binder resin 
(A) having photopolymeriZable functional groups can be 
used as the binder resin. In the present invention, a resin 
having no polymeriZable functional group may be mixed 
thereWith insofar as the object of the invention can be 
achieved. Such resin having no polymeriZable functional 
group includes non-polymeriZable transparent resin used 
conventionally in forming optical articles, for example, poly 
acrylic acid, polymethacrylic acid, polyacrylate, poly 
methacrylate, polyole?n, polystyrol, polyamide, polyimide, 
polyvinyl chloride, polyvinyl alcohol, polyvinyl butyral, 
polycarbonate etc. 

(Inorganic Super?ne Particles) 
To prevent a ?nely embossed pattern from rounding and 

collapsing due to the elasticity of the photocurable resin dur 
ing the process including a light exposure process and a 
deposition process after the ?nely embossed pattern is given 
by pressing a press stamper on a photocurable resin layer and 
the stamper is removed, the inorganic super?ne particles (B) 
in the order of sub-micron Which can be dispersed in a col 
loidal form in a diluting solvent are incorporated into the 
photocurable resin composition in the ?rst aspect of the 
invention thereby improving creep characteristics and form 
retention. 
By incorporating the ?ne super?ne particles (B) into the 

photocurable resin composition, the releasability of the pho 
tocurable resin composition is also improved, and When the 
stamper pressed against the photocurable resin layer is 
removed, the resin composition hardly adheres to the internal 
surface of the cavity of the stamper, and further there is also 
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the advantage that because the surface tack is loWered, block 
ing does not occur even if an intermediate laminate compris 
ing the photocurable resin layer formed on a substrate ?lm, 
before pressed by a press stamper, is rolled. 

By compounding the ?ne super?ne particles (B) With the 
photocurable resin composition of the invention, stress can be 
easily relaxed upon cure shrinkage Whereby various problems 
resulting from stress upon cure shrinkage can be solved. For 
example, When the photocurable resin composition is cured, 
resin cracking, curling, Wrinkling etc. caused by cure shrink 
age can be prevented. When a layer of the photocurable resin 
composition contained in the transfer sheet is cured, it is 
possible to prevent partial cracking, kink and Wrinkling of the 
foil attributable its difference in shrink from its adjacent layer, 
for example a ?lm substrate, a release layer or a metal-depos 
ited layer. 
The photocurable resin composition of the invention, 

except for the case Where it is prepared initially in a diluting 
solvent at a concentration used in the coating operation, may 
be stored at a high concentration containing less or no solvent 
and adjusted With a diluting solvent to a coating concentration 
just before the coating operation, and in any cases, it is nec 
essary that inorganic super?ne particles (B) can be uniformly 
dispersed ?nally in a colloidal state in a diluting solvent. 

Examples of the inorganic ?ne particles include super?ne 
particles of metal oxides such as SiO2, TiO2, ZrO2, SnO2, 
AlzO3 etc., from Which the inorganic super?ne particles in the 
order of sub-micron Which can be dispersed in a colloidal 
form is preferably selected and used, and particularly ?ne 
particles of colloidal silica (SiO2) are preferably used. 
When the super?ne particles of metal oxides are partially 

metal hydroxides and occur as a hydrated structure having 
Water adsorbed therein, the particles can be advantageously 
easily dispersed in a colloidal form in a diluting solvent. 
Further, When an organic solvent is used as the diluting sol 
vent, the particles can be easily dispersed in a colloidal state 
by treating the surfaces of the inorganic ?ne particles With 
substances having high af?nity for organic solvent (treatment 
for rendering the particles compatible With solvent). When 
the inorganic super?ne particles are metal oxides, the par 
ticles can have af?nity for solvent by surface treatment With 
organic loW-molecular substances such as organic amines 
and organic carboxylic acids. 

To secure su?icient transparency for the coating, the inor 
ganic super?ne particles (B) used are those of super?ne par 
ticle siZe. As used herein, the “super?ne particles” are those 
particles of submicron order, and refer to those particles hav 
ing a smaller particle diameter than that of particles generally 
called “?ne particles” having several pm to several hundred 
pm. The speci?c siZe of the inorganic super?ne particles (B) 
used in the present invention is varied depending on the 
intended use and grade of optical articles to Which the pho 
tocurable resin composition of the invention is applied, but 
When the inorganic super?ne particles are general spherical 
particles, those particles having a primary particle siZe in the 
range of 1 nm to 300 nm are preferably used. If the primary 
diameter is less than 1 nm, the creep characteristics of the 
resin composition are hardly improved, While if the primary 
particle diameter is greater than 300 nm, the transparency of 
the resin may be deteriorated, and the transparency may be 
insuf?cient depending on the use of the optical articles. 

The inorganic super?ne particles (B) may have any shapes, 
but ?ne particles in a bulky form, that is, ?ne particles in a 
form of loWer density are preferable. By using the bulky 
inorganic super?ne particles, the photocurable resin compo 
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sition can have particular improvements in resistance to 
blocking, creep characteristics and retention of embossed 
patterns. 

The bulky form can be for example a thin form, particularly 
a needle form or a pearl-necklace form Where the thin particle 
extends on the same plane. The pearl-necklace form is a form 
of spherical particles connected in a roW or in a series. When 
the ?ne super?ne particles (B) are in a thin form, the particles 
are those having preferably thickness (diameter) in the range 
of l to 100 nm and length in the range of 10 to 500 nm, 
particularly preferably thickness in the range of l to 20 nm 
and length in the range of 40 to 300 nm. If the length is less 
than 10 nm, there is no difference from spherical silica, While 
if it is greater than 500 nm, transparency is deteriorated. 

The thin form expressed as aspect ratio (ratio of length to 
thickness) is preferably 3 or more. The aspect ratio may be 
calculated from the thickness and length determined directly 
under a microscope, or the ratio (D l/D2) of the particle diam 
eter (D 1 nm) determined by a dynamic light scattering method 
to the particle diameter (D2 nm) determined by a nitrogen gas 
adsorption method can be calculated as the aspect ratio. 

Preferable examples of the inorganic super?ne particles in 
a thin form include needle silica having a thickness of 5 to 20 
nm and a length of 40 to 300 nm and pearl-necklace silica 
having a thickness of l 0 to 80 nm and a length of50 to 500 nm 
When observed under an electron microscope, both of Which 
have an aspect ratio of 3 or more. The form is particularly 
preferably needle silica that exhibits su?icient creep charac 
teristics and blocking-preventing performance in a loWer 
amount than that of the spherical one. 

The inorganic super?ne particles (B) are incorporated pref 
erably in a ratio of 0.1 to 70% by Weight relative to the total 
solids content of the photocurable resin composition, particu 
larly preferably in a ratio of l to 50% by Weight in the case of 
spherical ?ne particles or 0.1 to 30% by Weight in the case of 
thin ?ne particles. If the ratio of the inorganic super?ne par 
ticles (B) is less than 0.1% by Weight, su?icient creep char 
acteristics of the resin composition is hardly achieved, While 
if the ratio of the inorganic super?ne particles (B) is greater 
than 70% by Weight, brittleness becomes signi?cant, and 
suf?cient strength and surface hardness are hardly obtained 
after curing by light exposure. It is noted that the solids 
content of the photo curable resin composition also includes 
every liquid component excluding the solvent. 

(Release Agent) 
A release agent may be blended With the photocurable 

resin composition of the invention. By blending the release 
agent With the photocurable resin composition of the inven 
tion, partial remaining of the photocurable resin to a press 
stamper pressed against the resin can be prevented When the 
press stamper is removed, and thus the press stamper can be 
used successively for a prolonged period of time (repeated 
embossing). 
As the release agent, a conventionally knoWn release agent, 

for example solid Wax such as polyethylene Wax, amide Wax, 
Te?on® poWder etc., surfactants such as ?uorine- or phos 
phate-based surfactants, silicone etc. may be used. 
A silicone-type release agent is particularly preferable, by 

Which very high releasability can be achieved at a higher 
contact angle of 90° or more to Water. The silicone-type 
release agent includes polysiloxane, modi?ed silicone oil, 
trimethyl siloxy silicic acid-containing polysiloxane, sili 
cone-type acrylic resin etc. 

The modi?ed silicone oil is obtained by modifying side 
chains and/or terminals of polysiloxane and includes those 
polysiloxanes subjected to eg amino modi?cation, epoxy 
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modi?cation, carboxyl modi?cation, carbinol modi?cation, 
(meth)acryl modi?cation, mercapto modi?cation, phenol 
modi?cation, polyether modi?cation, methylstyryl modi?ca 
tion, alkyl modi?cation, ?uorine modi?cation etc. One pol 
ysiloxane molecule can also be subjected to tWo or more 
modi?cations. 

If a reactive silicone oil Which is reactive to other coating 
forming components is used among these silicone oils, the 
silicone oil is ?xed via chemical bonds to the cured resin layer 
and thus prevented from bleeding out onto the surface of the 
cured resin layer, to prevent problems such as suppressed 
adhesion, contamination, deterioration etc. The reactive sili 
cone oil is particularly effective in improvement of adhesion 
to the deposited layer in the deposition process. 
As the silicone-type acrylic resin, (meth)acryloyl-modi?ed 

silicone oil or acrylic resin produced by copolymeriZing or 
grafting With silicon-containing monomers is used. 

These silicone-type release agents can be added singly or 
in combination thereof. 
The release agent is incorporated preferably in a ratio of 0.1 

to 30% by Weight in the total solids content of the photocur 
able resin composition. When the ratio of the release agent is 
less than this range, the releasability of the photocurable resin 
layer from the press stamper can be often insuf?cient. On the 
other hand, When the ratio of the release agent is greater than 
the above range, there arise problems such as roughness of the 
coating surface caused by repellency of the composition upon 
coating, inhibition of adhesion of the coating to the substrate 
and its adjacent layer for example a deposited layer in a 
product, and destruction of the coating during transfer (be 
cause of too loW ?lm strength). 

(Monomer and Oligomer) 
A monofunctional or multifunctional monomer or oligo 

mer may be compounded With the photocurable resin com 
position of the invention in order to reduce the viscosity of the 
composition, to endoW ?exibility and to raise crosslinkage 
density. 
The monofunctional monomer includes, for example, tet 

rahydrofurfuryl (meth)acrylate, hydroxyethyl (meth)acry 
late, vinyl pyrrolidone, (meth)acryloyloxyethyl succinate, 
(meth)acryloyloxyethyl phthalate, isobomyl (meth)acrylate, 
cyclohexyl (meth)acrylate, dicyclopentanyl (meth)acrylate, 
dicyclopentenyl (meth)acrylate etc. 
The multifunctional monomer or oligomer includes, for 

example, bifunctional monomers and oligomers such as poly 
ethylene glycol di(meth)acrylate, polypropylene glycol 
di(meth)acrylate, neopentyl glycol di(meth)acrylate, 1,6 
hexanediol di(meth)acrylate etc., trifunctional monomers, 
oligomers and polymers such as trimethylol propane tri 
(meth)acrylate, pentaerythritol tri (meth)acrylate, aliphatic tri 
(meth)acrylate etc., tetrafunctional monomers and oligomers 
such as pentaerythritol tetra(meth)acrylate, ditrimethylol 
propane tetra(meth)acrylate, aliphatic tetra (meth)acrylate 
etc., and penta- or more functional monomers and oligomers 
such as dipentaerythritol penta(meth)acrylate, dipentaeryth 
ritol hexa(meth)acrylate etc., as Well as (meth)acrylates hav 
ing a polyester skeleton, an urethane skeleton or a phosp 
haZene skeleton. 
As the monofunctional or multifunctional monomers and 

oligomers, it is possible to use not only the above-enumerated 
(meth)acrylates but also vinyl compounds such as styrene, 
vinyl toluene, chloro styrene, bromo styrene, divinyl benZene, 
l-vinyl naphthalene, 2-vinyl naphthalene, N-vinyl pyrroli 
done etc., and allyl compounds such as diethylene glycol 
bisallyl carbonate, trimethylol propane diallyl, dialkyl phtha 
late, dimethacryl phthalate, diallyl isophthalate etc. 
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The monomer or oligomer in the ?rst aspect of the inven 
tion is incorporated preferably in the range of 5 to 50% by 
Weight relative to the solids content of the photocurable resin 
composition. When the ratio of the monomer or oligomer is 
less than the above range, it cannot be said that the resultant 
cured resin layer attains su?icient strength, heat resistance, 
resistance to Wearing, Water resistance, chemical resistance 
and adhesion to the substrate, While When the amount of the 
monomer or oligomer used is higher than the above range, the 
surface tack is increased to cause blocking and a part of the 
material remains(partial remaining) on a press (press 
stamper) during reproduction of holograms etc. to deteriorate 
repetitive embossing processability. 
(Organometallic Coupling Agent) 
An organometallic coupling agent may be incorporated 

into the photocurable resin composition of the invention in 
order to improve the heat resistance and strength of the sur 
face structure having a ?nely embossed pattern, or adhesion 
thereof to the metal-deposited layer. As the organometallic 
coupling agent, various coupling agents such as, for example, 
a silane coupling agent, a titanium coupling agent, a zirco 
nium coupling agent, an aluminum coupling agent etc. can be 
used. 

The silane coupling agent includes, for example, vinyl 
silane such as vinyl trichlorosilane, vinyl tris([3-methoxy 
ethoxy) silane, vinyl triethoxy silane, vinyl trimethoxysilane 
etc.; acryl silane such as y-methacryloxy propyl trimethoxy 
silane, y-methacryloxy propyl methyl dimethoxy silane etc.; 
epoxy silane such as [3-(3,4-epoxycyclohexyl) ethyl tri 
methoxy silane, y-glycidoxy propyl trimethoxy silane, y-gly 
cidoxy propyl methyl diethoxy silane etc.; and aminosilane 
such as N-[3-(aminoethyl)-y-aminopropyl trimethoxy silane, 
N-[3-(aminoethyl)-y-aminopropyl methyl dimethoxy silane, 
y-aminopropyl trimethoxy silane, N-phenyl-y-aminopropyl 
trimethoxy silane etc. Other silane coupling agents include 
y-mercaptopropyl trimethoxy silane, y-chloropropyl methyl 
dimethoxy silane, y-chloropropyl methyl diethoxy silane etc. 

The titanium coupling agent includes, for example, isopro 
pyl triisostearoyl titanate, isopropyl tridecyl benzene sulfonyl 
titanate, isopropyltris(dioctyl pyrophosphate) titanate, tetrai 
sopropyl bis(dioctyl phosphite) titanate, tetraoctyl bis 
(ditridecyl phosphite) titanate, tetra(2,2-diallyloxymethyl) 
bis(ditridecyl) phosphite titanate, bis(dioctyl pyrophosphate) 
oxyacetate titanate, bis(dioctyl pyrophosphate) ethylene 
titanate, isopropyl trioctanoyl titanate, isopropyl dimethacryl 
isostearoyl titanate, isopropyl isostearoyl diacryl titanate, iso 
propyl tri(dioctyl phosphate) titanate, isopropyl tricumyl 
phenyl titanate, isopropyl tri(N-aminoethyl.aminoethyl) 
titanate, dicumyl phenyloxy acetate titanate, diisostearoyl 
ethylene titanate etc. 

The zirconium coupling agent includes, for example, tetra 
n-propoxy zirconium, tetra-butoxy zirconium, zirconium tet 
raacetyl acetonate, zirconium dibutoxy bis (acetylacetonate), 
zirconium tributoxy ethyl acetoacetate, zirconium butoxy 
acetyl acetonate bis(ethyl acetoacetate) etc. 

The aluminum coupling agent includes, for example, alu 
minum isopropylate, mono sec-butoxy aluminum diisopro 
pylate, aluminum sec-butyrate, aluminum ethylate, ethyl 
acetoacetate aluminum diisopropylate, aluminum tris (ethyl 
acetoacetate), alkyl acetoacetate aluminum diisopropylate, 
aluminum monoacetyl acetonate bis(ethyl acetoacetate), alu 
minum tris(acetyl acetoacetate) etc. 

The organometallic coupling agent is incorporated in a 
ratio of 0.1 to 15% by Weight relative to the total solids 
content of the photocurable resin composition. When the ratio 
of the organometallic coupling agent is less than this range, 
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the effect of endoWing heat resistance, strength and adhesion 
to a deposited layer is insu?icient. On the other hand, When 
the ratio of the organometallic coupling agent is higher than 
the above range, the stability and ?lm-forming properties of 
the composition may be deteriorated. 

(Photopolymerization Initiator) 
A photopolymerization initiator having activity depending 

on the Wavelength of a light source used may be incorporated 
if necessary into the photocurable resin composition of the 
invention. As the photopolymerization initiator, the one gen 
erating a suitable active species depending on the difference 
in the reaction system of the binder and monomer (for 
example radical polymerization and cationic polymerization) 
is used. 

The photo-radical polymerization initiator includes, for 
example, benzoin type compounds such as benzoin, benzoin 
methyl ether, benzoin ethyl ether, benzoin isopropyl ether, 
ot-methyl benzoin, ot-phenyl benzoin etc.; anthraquinone 
type compounds such as anthraquinone, methyl 
anthraquinone etc.; phenyl ketone type compounds such as 
benzyl diacetyl acetophenone, benzophenone etc.; sul?de 
type compounds such as diphenyl disul?de, tetramethyl thi 
uram sul?de etc.; ot-chloromethyl naphthalene; anthracene; 
and halogenated hydrocarbons such as hexachlorobutadiene, 
pentachlorobutadiene etc. 
The photo-cationic initiator includes, for example, aro 

matic diazonium salts, aromatic iodonium salts, aromatic 
sulfonium salts, aromatic phosphonium salts, mixed ligand 
metal salts etc. 

The photo-anionic polymerization initiator includes, for 
example, 1,10-diaminodecane, 4,4'-trimethylene dipiperi 
dine, carbamates and derivatives thereof, cobalt/ amine com 
plexes, aminoxyimino compounds, ammonium borates etc. 
The photopolymerization initiator is incorporated prefer 

ably in a ratio of 0.5 to 10% by Weight relative to the total 
solids content of the photocurable resin composition. The 
photopolymerization initiators may be used singly or in com 
bination thereof. 

A polymerization inhibitor may be incorporated into the 
photocurable resin composition of the invention in order to 
improve shelf stability. Examples of the polymerization 
inhibitor include phenols such as hydroquinone, t-butyl hyd 
roquinone, catechol, hydroquinone monomethyl ether etc.; 
quinones such as benzoquinone, diphenyl benzoquinone etc.; 
phenothiazine and analogues thereof; copper etc. The poly 
merization inhibitor is incorporated preferably in a ratio of 
0.1 to 10% by Weight relative to the total solids content of the 
photocurable resin composition. 

(Solvent) 
The photocurable resin composition of the invention is 

prepared in the form of a coating liquid usually by using a 
diluting solvent (prime solvent) and used in formation of 
?nely embossed patterns. Each of the materials described 
above is dispersed and dissolved in acetone, methyl ethyl 
ketone, methyl isobutyl ketone, cyclohexanone, benzene, 
toluene, xylene, chlorobenzene, tetrahydrofuran, methyl cel 
losolve, ethyl cellosolve, methyl cellosolve acetate, ethyl cel 
losolve acetate, ethyl acetate, 1,4-dioxane, 1,2-dichloroet 
hane, dichloromethane, chloroform, methanol, ethanol, 
isopropanol etc. or a mixed solvent thereof, Whereby a coat 
ing liquid of the photocurable resin composition of the inven 
tion can be prepared. The coating liquid is prepared usually at 
a solids content concentration of about 10 to 50% by Weight. 



US 7,420,005 B2 
25 

(Method, Sheet and Transfer Sheet for Formation of Finely 
Embossed Patterns) 

The photocurable resin composition of the present inven 
tion is applied onto the surface of a support such as a substrate 
?lm, dried if necessary to form a ?nely embossed pattem 
forming material layer (?nely embossed pattern-forming 
layer) to prepare an embossed pattern receiptor, subjected to 
embossing by pressing a stamper onto the surface of the ?nely 
embossed pattem-forming layer of the embossed pattern 
receiptor, to endoW a ?nely embossed pattern thereon, and 
thereafter the ?nely embossed pattern-forming layer is cured 
by exposure to light, Whereby the ?nely embossed pattern can 
be formed. 

Before or after application of the ?nely embossed pattem 
forming layer on to a support, or before or after formation of 
a ?nely embossed pattern on the ?nely embossed pattem 
forming layer, other layers such as an anchor layer, a release 
layer, a thin metal layer, an overcoat layer, and a pressure 
sensitive or heat-sensitive adhesive layer may be formed. 
The ?nely embossed pattern thus obtained can be utiliZed 

for various purposes for use in optical articles, stampers etc. 
In the procedure of pressing a stamper onto the ?nely 

embossed pattem-forming layer to shape the embossed pat 
tern surface and then curing it, the ?nely embossed pattem 
forming layer may be cured While the stamper is pressure 
Welded there With, for example by conducting embossing and 
light exposure almost simultaneously. HoWever, the photo 
curable resin composition of the invention is excellent in the 
ability to retain the shape provided thereon, so the ?nely 
embossed pattern-forming layer is embossed by contact 
Welding the stamper thereWith, and after removal of the 
stamper, the layer can be subjected to light exposure and 
heating. 

The later procedure has the folloWing advantages over the 
former procedure Wherein embossing and light exposure are 
simultaneously conducted and then the stamper is removed 
from the sheet having a layer of cured resin With the ?nely 
embossed pattern formed thereon. 
(i) The later procedure is superior to the former procedure in 

successive productivity because the stamper can be succes 
sively used in the embossing process by removing the 
stamper before the ?nely embossed pattem-forming layer 
is transferred to the curing process. 

(ii) According to the later procedure, the ?nely embossed 
pattern-forming layer can be exposed to light directly but 
not through the support. Accordingly, the absorption of 
exposure light by the support can be prevented, the e?i 
ciency of light exposure is improved, and the deterioration 
of the support by exposure to light such as UV rays can also 
be prevented. 

(iii) According to the later procedure, the stamper is not 
irradiated With exposure light, so the stamper even if made 
of resin can be prevented from being deteriorated in the 
exposure process. 

(iv) According to the later procedure, the ?nely embossed 
pattern-forming process and the light exposure process can 
be conducted in different units respectively Without using a 
large-scale unit designed to be capable of simultaneously 
conducting these processes. 

(v) In the former procedure, When the stamper is removed 
after the ?nely embossed pattern-forming layer is cured, 
the surface of the cured resin can be easily damaged, but 
according to the later procedure, the ?nely embossed pat 
tern-forming layer in a un-cured state can be removed from 
the stamper, and thus such damage can be prevented. 
In the present invention, the ?nely embossed pattem-form 

ing material is superior in ?lm formability and resistance to 
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blocking, and by utiliZing these properties, an intermediate 
laminate having the ?nely embossed pattern-forming layer 
formed on a substrate ?lm can be rolled, stored temporarily, 
conveyed to another place, unrolled, and subjected to stamp 
ing and curing. 

Further, the intermediate laminate subjected to stamping 
and curing can be rolled, stored temporarily, conveyed to 
another place, unrolled, and cured suf?ciently in an additional 
photo- or thermosetting process as necessary, or may be pro 
vided if necessary With a metal thin layer, an overcoat layer, a 
pressure- or heat-sensitive adhesive layer etc. on the ?nely 
embossed pattern. 
The light used for curing the photocurable resin composi 

tion of the invention includes high-energy ioniZation radia 
tions and UV rays. As a high-energy ioniZation radiation 
sources, electron rays accelerated by accelerator such as a 
Cockcroft type accelerator, a Van de Graaff type accelerator, 
a linear accelerator betatron and cyclotron can be used indus 
trially most conveniently and economically, and further 
radiations such as y-rays, X-rays, ot-rays, neutron rays, proton 
rays etc. radiated from radioisotopes, a nuclear reactor etc. 
can also be used. The UV source includes, for example, a UV 
ray ?uorescent lamp, a loW-pressure mercury lamp, a high 
pressure mercury lamp, an ultrahigh-pres sure mercury lamp, 
a xenon lamp, a carbon arc lamp, and sunrays. 

FIG. 2 is an example of the constitution of a hologram 
reproducing device used in the method of forming a ?nely 
embossed pattern according to the present invention. The 
hologram-reproducing device 10 shoWn in FIG. 2 comprises 
a paper feeder 20, a transfer unit 30, an irradiation unit 50 and 
a take-up unit 60 arranged in this order on a pair of main 
frames 12 ?xed on bed 13. A roll formed by rolling, on a 
take-up roller 21, a hologram-forming sheet (hologram-form 
ing ?lm) 1 having a layer of the photocurable resin composi 
tion formed on a support ?lm is ?t on the paper feeder 20. A 
heat pressure roller 40 capable of heat-rolling the hologram 
forming sheet 1 delivered from the paper feeder 20 and an 
emboss roller 31 provided thereon With a hologram plate are 
?t to the transfer unit 30. The hologram-forming sheet 1 
delivered from the transfer unit 30 is irradiated With UV rays 
or electron rays from the irradiation unit 50, Whereby the 
hologram layer can be cured. The hologram sheet having the 
cured hologram layer can be Wound around the take-up unit 
60. 

In FIG. 2, a press stamper formed from a master hologram 
prepared by a laser light is ?t to the emboss roller 31 in the 
hologram-reproducing unit 10. A press stamper produced by 
preparing a reproducing hologram on a resin plate by using a 
master hologram and then sticking the reproducing hologram 
on a cylinder can also be used. 
The method of forming a ?nely embossed pattern by use of 

the photocurable resin composition of the invention is 
described in detail by reference to a relief hologram. First, a 
substrate such as a metal plate, paper, polyethylene tereph 
thalate etc. is coated or impregnated With the photocurable 
resin composition, then placed in a heating oven set at a 
temperature at Which the organic solvent contained in the 
composition is evaporated, for example at 100 to 165° C. for 
about 0.1 to 1 minute, Whereby the photocurable resin layer is 
dried and formed on the substrate to give a ?nely embossed 
pattern receiptor. In this coating and drying process, the for 
mation, coating and drying of the photocurable resin layer 
using a solvent system locally present on the surface of the 
coating layer is effective in preventing blocking and also in 
improving repeated embossing during reproduction. 
The ?nely embossed pattern receiptor is generally a ?nely 

embossed pattern-forming sheet produced by applying the 
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photocurable resin composition of the invention onto a ?lm 
support and dying it if necessary to form a photocurable resin 
layer in a dry or non-dry state on the support. The ?nely 
embossed pattern-forming sheet may be a continuous or cut 
sheet. The suitable ?lm support includes, but is not limited to, 
a plastic ?lm such as polyethylene, polypropylene, ethylene 
vinyl acetate copolymers, polyvinyl acetate, polyvinyl alco 
hol, polyvinyl chloride, polyvinylidene chloride, polysty 
rene, polymethyl methacrylate, nylon, polyethylene 
terephthalate, polyimide, polycarbonate, polynorbomene, 
triacetyl cellulose etc. 

The support may be a rigid substrate such as a metal plate 
or plastic plate, or an article having a 3-dimensional surface 
shape. Further, the ?nely embossed pattern receiptor may be 
the one Whose surface of the portion to be provided With the 
?nely embossed pattern is made of the photocurable resin 
layer, but the Whole of the ?nely embossed pattern receiptor 
may be made of the photocurable resin composition of the 
invention. 

Then, the photocurable resin layer of this ?nely embossed 
pattern receiptor is subjected to patterning (embossing) of a 
desired hologram relief by eg a press stamper. When the 
?nely embossed pattern-forming sheet in the form of a con 
tinuous sheet is used, a transiently stored roll stock Which Was 
prepared by applying the photocurable resin composition 
onto a ?lm support and rolling it in a dry or non-dry state can 
be unrolled, thus delivering and supplying the ?nely 
embossed pattern-forming sheet, Which can then be subjected 
to embossing and light exposure almost simultaneously or 
successively. 
The embossing of a hologram pattern is carried out at a 

temperature of eg 50 to 1500 C. at a pressure of 10 to 50 
kg/cm in a usual manner by using a pair of emboss rollers 
consisting of a paper roll and a metal roll provided there 
around With a press stamper produced from a mold previously 
produced by a laser light. In the reproducing unit, an emboss 
roller produced by forming a reproducing hologram on a resin 
plate by using a master hologram and then sticking the repro 
ducing hologram on a cylinder can also be used. 

Embossing of one side of the photocurable resin layer is 
suf?cient, but both sides thereof may be subjected to emboss 
ing. For embossing, it is important to establish the tempera 
ture of the emboss roll, and from the vieWpoint of reproduc 
tion of the emboss shape, embossing is carried out preferably 
at a relatively high temperature and a relatively high pres sure, 
Whereas in preventing adhesion to the emboss sheet, emboss 
ing is carried out preferably at a relatively loW pressure, thus 
being contrast With each other. From the vieWpoint of effec 
tively Working heat capacity, the feed speed (delivery speed) 
of the ?nely embossed pattem-forming sheet is also impor 
tant. In addition, the heat resistant temperature is varied 
depending on the material of the ?lm support, so in consid 
eration of the material, the heating temperature and the feed 
speed of the ?nely embossed pattern-forming sheet should be 
suitably established. Further, selection of the release agent 
described above is also important for reducing the adhesion of 
the resin composition to the emboss roll. 

The photocurable resin layer is subjected to embossing, 
removed from the stamper, and thereafter irradiated With UV 
rays or electron rays to photoset the resin layer. Because the 
hologram is generally transmittable, and thus the photoset 
resin layer should be provided With a re?ective layer. When a 
light-re?ective metal thin layer is used as the re?ective layer, 
the resultant hologram is opaque, and When a re?ective layer 
using a transparent material having refractive index different 
from that of the hologram layer is used, the resultant holo 
gram is transparent, and either hologram can be used. The 
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re?ective layer consisting of a metal thin layer can be formed 
by knoWn techniques such as sublimation, vacuum deposi 
tion, sputtering, reactive sputtering, ion plating, electroplat 
ing etc. 
The metal thin layer forming the opaque hologram com 

prises, for example, a metal such as Cr, Ti, Fe, Co, Ni, Cu, Ag, 
Au, Ge, Al, Mg, Sb, Pb, Pd, Cd, Bi, Sn, Se, In, Ga or Rb, an 
oxide thereof or a nitride thereof, or a combination thereof, 
and canbe formed by techniques such as chemical deposition, 
physical deposition etc. Among the metal thin layer, Al, Cr, 
Ni, Ag, Au etc. are particularly preferable, and the thickness 
of the layer is in the range of 1 to 10,000 nm, desirably 20 to 
200 nm. 

The thin layer forming the transparent hologram may be 
made of any light-transmittable materials exhibiting the holo 
gram effect. For example, a transparent material having 
refractive index different from that of the resin used in the 
hologram-forming layer (photocurable resin layer) can be 
used. The refractive index in this case may be higher or loWer 
than the refractive index of the hologram-forming layer, but 
the difference in refractive index therebetWeen is preferably 
0.1 or more, more preferably 0.5 or more, most preferably 1.0 
or more. The thin layer forming the transparent hologram 
includes a metallic transparent re?ective layer. The transpar 
ent re?ective layer preferably used includes titanium oxide 
(TiO2), Zinc sul?de (ZnS) etc. 

For example, it is also possible to use a layer of high 
refractive material formed by coating a coating liquid con 
taining high-refractive ?llers dispersed therein or by coating 
a gold and silver colloidal solution, or by forming a coating of 
an organometallic compound through hydrolysis polycon 
densation reaction represented by sol-gel reaction. 
The embossed pattern receiptor may be an end product to 

be provided With a surface structure having the ?nely 
embossed pattern, but may be an intermediate transfer 
medium. That is, in the present invention, the photocurable 
resin composition is applied onto a ?rst support thereby form 
ing a ?nely embossed pattern-forming layer, to prepare a 
transfer sheet, and a ?nely embossed pattern is formed on the 
?nely embossed pattem-forming layer of this transfer sheet, 
and the ?nely embossed pattern-forming layer is cured and 
then transferred to a second support (end product). When the 
transfer sheet is used, there is the advantage that direct 
embossing of the surface of the end product is not necessary, 
or a large number of the ?nely embossed pattern can be 
successively and previously formed on the transfer sheets, 
and for example the ?nely embossed pattern can be formed by 
successive transfer onto the surface of an article having a 
complicate surface shape hardly subjected to direct emboss 
ing, or onto a support such as glass, plastics, metal plates etc. 
Which cannot be rolled. 

In the present invention, the ?nely embossed pattern-trans 
fer sheet is a laminate in Which a ?nely embossed pattem 
forming layer comprising at least the photocurable resin com 
position of the invention is provided on a ?rst support in a 
releasable and transferable state from the ?rst support to a 
second support, and can be provided With one or more layers 
selected from a release layer, a re?ective layer, an adhesive 
layer and other layers if necessary in addition to the ?nely 
embossed pattern-forming layer. As shoWn in FIG. 1, the 
transfer sheet 1 may be constituted for example by laminating 
the release layer 3, the ?nely embossed pattern-forming layer 
(photocurable resin composition layer) 4, the re?ective layer 
(the opaque re?ective layer or the transparent layer having 
refractive index different from that of the ?nely embossed 
pattern-forming layer) 5, and the adhesive layer 6 laminated 
in this order on the support 2. 
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As the support for preparation of the transfer sheet, a ?ex 
ible substrate ?lm is ordinarily used, and the support prefer 
ably used for strength and heat resistance includes, but is not 
limited to, plastic ?lms such as polyethylene, polypropylene, 
ethylene-vinyl acetate copolymers, polyvinyl acetate, poly 
vinyl alcohol, polyvinyl chloride, polyvinylidene chloride, 
polystyrene, polymethyl methacrylate, nylon, polyethylene 
terephthalate, polyimide, polycarbonate, polynorbomene, 
triacetyl cellulose etc., but materials not having ?exibility or 
other materials such as metal plate, paper etc. can also be used 
as the support. Further, When a support such as paper capable 
of being impregnated is used, the ?nely embossed pattem 
forming layer may be formed in such a state that it is impreg 
nated in the structure of the support, and even such a state is 
included in one form of the ?nely embossed pattern-forming 
layer provided on the support. In consideration of mass pro 
ductivity of ?nely embossed patterns on holograms etc., a 
continuous ?lm may be used as the substrate ?lm, but a cut 
substrate ?lm may be used. 

For the purpose of improving the releasability of the trans 
fer sheet and cuttability (deviding ability) of the ?nely 
embossed pattern-forming layer, the release layer is arranged 
if necessary as a loWer layer of the ?nely embossed pattem 
forming layer, and after transfer together With the ?nely 
embossed pattem-forming layer from the transfer sheet to a 
certain transfer material (second support), the release layer 
serves as the outermost layer. As the release layer, one or more 
members selected from eg acrylic resin, polyester resin, 
polyvinyl chloride resin, vinyl chloride-vinyl acetate copoly 
mers, cellulose resin, silicone resin, chlorinated rubber, 
casein, various surfactants, metal oxides etc. can be used. 
Further, if a release agent is added to the photocurable resin 
composition of the invention usable as the ?nely embossed 
pattem-forming layer, the photocurable resin composition 
can also be used as the release layer. 

For example, When a relief hologram is formed, the re?ec 
tive layer is arranged on the ?nely embossed pattern. The 
re?ective layer may be either transparent or opaque, and can 
be made of the metal thin layer or high-refractive layer 
described above. 

For the purpose for improving the transferability of the 
?nely embossed pattern-forming layer and the adhesion to a 
transferred material after transfer or for improving the adhe 
sion to a re?ective layer or a protective layer if the embossed 
surface of the ?nely embossed pattern-forming layer is coated 
With them after embossing process, the adhesive layer is 
provided as the outermost surface on the ?nely embossed 
pattem-forming layer, and after transfer together With the 
?nely embossed pattern-forming layer, the adhesive layer 
constitutes the loWermost layer. 

The adhesive layer can be suitably selected and used 
among knoWn heat-sensitive adhesive resin, pressure-sensi 
tive adhesive resin, a tWo-part liquid type curing adhesive and 
a photocurable adhesive. The heat-sensitive adhesive resin 
includes, for example, rubber type adhesives such as polyiso 
prene rubber, polyisobutylene rubber, styrene butadiene rub 
ber etc.; (meth)acrylate type adhesives such as polymethyl 
(meth)acrylate, polyethyl (meth)acrylate, polypropyl (meth) 
acrylate, polybutyl (meth)acrylate, poly(2-ethylhexyl (meth) 
acrylate) etc.; polyvinyl ether type adhesives such as poly 
isobutyl ether etc.; polyvinyl type adhesives such as polyvinyl 
chloride, polyvinyl acetate, vinyl chloride-vinyl acetate 
copolymers, polyvinylidene chloride, polyvinyl butyral etc.; 
polyamide type adhesives such as polyacrylamide, polym 
ethylol acrylamide etc.; vinyl type adhesives such as polyvi 
nyl butyral, vinyl acetate/octyl acrylate, vinyl acetate/butyl 
acrylate, vinylidene chloride/butyl acrylate etc.; aromatic 
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vinyl type adhesives such as polystyrene etc.; and polyole?n 
chloride, and from these adhesives, one or more adhesives can 
be selected and used. 
One example of forming the relief hologram transfer sheet 

is described beloW. The symbols used are those referring to 
FIG. 1. First, a substrate ?lm 2 consisting of a continuous 
plastic such as polyethylene terephthalate is delivered from 
the roll stock. The substrate ?lm thus delivered is coated by a 
roll coater With a coating liquid of a release agent, and then 
dried for about 0.1 to 1 minute in a heating oven set at a 
temperature (e. g. 100 to 165° C.) at Which the organic solvent 
contained in the coating liquid is evaporated, Whereby the 
release layer 3 is formed thereon. Subsequently, a ?nely 
embossed pattem-forming material comprising the photocur 
able resin composition is applied by a roll coater onto the 
release layer 3 and then placed for about 0.1 to 1 minute in a 
heating oven at a temperature (eg 100 to 165° C.) at Which 
the organic solvent contained in the composition is evapo 
rated, Whereby the ?nely embossed pattern-forming layer 4 is 
formed to prepare the transfer sheet 1. As a coater other than 
the above roll coater, for example a gravure coater, a curtain 
coater, a ?oW coater, a lip coater, a doctor blade coater etc. can 
also be used. The thickness of the ?nely embossed pattem 
forming layer is usually about 0.1 to 5.0 pm. The prepared 
transfer sheet 1 is Wound again to form a roll stock, and stored 
or conveyed. 

Then, the transfer sheet is delivered from the roll stock, the 
?nely embossed pattern-forming layer is subjected to 
embossing by pressing a stamper for relief hologram onto the 
surface thereof to form a ?nely embossed pattern (not shoWn 
in the draWing). 
The embossing of a hologram pattern is carried out at a heat 

roll temperature of eg 100 to 2000 C. at a pressure of 5><l03 
to 5x 1 06 Pa in a usual manner by using a pair of emboss rollers 
consisting of a paper roll and a metal roll provided there 
around With a stamper produced from a mold previously 
produced by a laser light or electron ray. When the heat roll 
temperature is higher than the above range, embossing can be 
rapidly conducted, but the substrate ?lm is signi?cantly dam 
aged. When the heat roll temperature is loWer than the above 
range, the embossing process is prolonged because it is time 
consuming to increase the resin temperature. In the reproduc 
ing unit, an emboss roller produced by forming a reproducing 
hologram on a resin plate by using a master hologram and 
then sticking the reproducing hologram on a cylinder can also 
be used. 

In this case too, either one side or both sides of the photo 
curable resin layer can be subjected to embossing. The pho 
tocurable resin layer is subjected to embossing, removed 
from the stamper and thereafter irradiated With light to cure 
the resin layer. The light used for curing includes high-energy 
ioniZation radiations and UV rays as described above. The 
photocurable resin layer maybe subjected almost simulta 
neously to embossing and exposure to light. 

After curing, the ?nely embossed pattern may be provided 
if necessary With a re?ective layer such as a metal-deposited 
layer and a layer of high-refractive material or a transparent 
protective layer for improving resistance to Wearing and stain 
resistance. Further, When a re?ective layer or a protective 
layer or the like is additionally formed on the ?nely embossed 
pattern-forming layer, an adhesive layer may further be 
formed thereon. 

The transfer sheet prepared in this manner by forming the 
?nely embossed pattern on the ?nely embossed pattern-form 
ing layer and curing it is Wound again as a roll stock and stored 
or conveyed. 
































